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The use of quinolone for treatment of rickettsial diseases remains controversial. Recent 
clinical studies suggest that quinolone is not as effective as others in patients with 
rickettsial diseases including scrub typhus, although the mechanism is not well understood. 
In this study, we evaluated the mutation in gyrA associated with quinolone resistance. We 
prospectively enrolled scrub typhus patients, collected blood samples and clinical data from 
October, 2010 to November, 2011 . Among the 21 patients enrolled, one initially received 
ciprofloxacin for 3 days but was switched to doxycycline due to clinical deterioration. We 
obtained the gyrA gene of Orientia tsutsugamushi from 21 samples (20 Boryong strain, 1 
Kato strain) and sequenced the quinolone resistance-determining region. All of 21 samples 
had the Ser83l_eu mutation in the gyrA gene, which is known to be associated with 
quinolone resistance. This suggests that quinolones may be avoided for the treatment of 
serious scrub typhus. 
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INTRODUCTION 

Scrub typhus is a mite-borne rickettsial disease caused by Ori- 
entia tsutsugamushi endemic or reemerging in eastern and sou- 
thern Asia, northern Australia, and islands of the western Pacif- 
ic and Indian Ocean (1). It is estimated that there are one mil- 
lion new scrub typhus cases each year with one billion people 
at risk of infection (2). Mortality rates can be as high as 30% if 
left untreated. However, administtation of appropriate antibiot- 
ics, including chloramphenicol, tetracyclines, macrolides and 
rifampicin, reduces the mortality rate to less than 5% (3-7). 

Quinolone has been used for the treatment of various infec- 
tious diseases. It is a popular choice in outpatient settings due 
to excellent oral bioavailability, the low cost of generic drugs in 
developing countries, and good efficacy against intracellular 
pathogens. This has led some investigators to evaluate the effi- 
cacy of quinolone treatment in rickettsial diseases. However, 
clinical data has suggested that patients diagnosed with rickett- 
sial disorders, such as scrub typhus (8, 9) and Mediterranean 
spotted fever (10), respond less favorably when treated with 
quinolone. Quinolone resistance has been associated with in- 



creased prevalence of the Ser83Leu mutation in the quinolone 
resistance-determining region (QRDR) of gyrA in the Kato strain 
of O. tsutsugamushi from Laos (1 1). It remains to be determined 
whether this mutation is prevalent in the Boryong strain of O. 
tsutsugamushi, which is the most common strain in Korea. Thus 
in this study, we investigated the prevalence of gyrA mutations 
associated with quinolone resistance in Korean patients with 
scrub typhus. 

MATERIALS AND METHODS 
Subjects 

We prospectively enrolled patients > 18 yr of age who were ad- 
mitted to the 1,000-bed Chonnam National University Hospital 
(Gwangju, Korea) from October, 2010 to November, 2011 and 
diagnosed with scrub typhus. Scrub typhus was diagnosed 
based on typical clinical manifestations and serological testing 
with an antibody titer of > 1 :80 in a single serum sample or by a 
fourfold or greater increase in the follow-up titration. Serologi- 
cal testing was performed using a passive hemagglutination as- 
say (PHA) using the Genedia Tsutsu PHA II kit (GreenCross 
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SangA, Yongin, Korea). Clinical data for each patient were ob- 
tained prospectively which included gender, age, comorbidity, 
symptoms, findings on physical examination, complications, 
modified acute physiology and chronic health evaluation score 
(APACHE II; measured within 24 hr of initial admission), treat- 
ment agents and outcomes. 

PCR and DNA sequencing 

Genomic DNA for nested PCR was extracted from blood buffy 
coats using a QIAamp DNA Mini Kit (Qiagen Korea, Seoul, Ko- 
rea), according to the manufacturer's instructions. Nucleotide 
primers were selected based on the nucleotide sequence of the 
gene encoding the 56-kDa antigen in Gilliam strains of O. tsu- 
tsugamushi. Primers 34 (5 '-TCAAGCTTATTGCTAGTG CAAT- 
GTCTGC-3') and 55 (5 '-AGGGATCCCTGCTGCTGTGCTTGC- 
TGCG-3') were used in the first PCR amplification and nested 
PCR primers 10 (5 '-GATCAAGCTTCCTCAGCCTACTATAAT- 
GCC-3') and 11 (5 '-CTAGGGATCCCGACAGAT GCACTATTA- 
GGC-3 ') were used in the second PCR amplification, generat- 
ing a 483-bp fragment. Nested PCR was performed as described 
previously by Kim et al. (12). The PCR products were separated 
on a 1.5% agarose gel. Positive samples were eluted using a quick 
spin purification kit (GeneAll, Seoul, Korea). DNA sequencing 
was performed at Macrogen (Daejeon, Korea) using an ABI 
3730 DNA sequencer (Applied Biosystems, Foster, CA, USA). 
The strains from which the amplified samples were derived 
were identified using the BLAST algorithm available at the Na- 
tional Center for Biotechnology Information. Regions encoding 
the O. tsutsugamushi 56-kDa protein were aligned using the 
ClustalX program. A phylogenetic tree was generated with Tree 
Explorer with bootstraps performed 1,000 times to increase its 
reliability. Homology between strains was compared using La- 
ser Gene (DNAStar Inc., Madison, WI, USA). 

Identification of mutations in the quinolone resistance- 
determining region of gyrA 

To identify gyrA in samples, the following primers were used: 
TsgyAAF, 5 '-TATGCTATGAGCGTAATAGT-3 ' and TsgyrAR, 5'- 
TGCCATTCCTACTGCAATTC-3'. PCR was performed with 2 
(iL of DNA extracted from the buffy coat. The PCR reaction (20 
|iL) contained 5 pM/pL primers, 10 uL AccuPower PCR PreMix 
(1.5 mM MgCl 2 , 0.25 mM dNTP, and 1U Taq DNA polymerase, 
10 mM Tris-Cl, 30 mM KC1; Bioneer, Seoul, Korea) and sterile 
triple-distilled water. PCR products were amplified using a Bio- 
Rad thermo cycler (Bio-Rad, Hercules, CA, USA) under the fol- 
lowing conditions: an initial 4 min denaturation step at 95°C; 
followed by 30 cycles of 30 sec of denaturation at 95°C, 30 sec of 
annealing at 57°C, and 1 min of extension at 72°C; and a final 
extension step at 72°C for 10 min. Partial gyrA sequences con- 
taining the QRDR of O. tsutsugamushi were aligned using Clus- 
talX to examine possible mutations known to be associated with 



quinolone resistance using sequences from Escherichia coli 
K12 for comparison. 

Ethical statement 

This study was approved by the institutional review board of 
Chonnam National University Hospital (IRB No. CNUH 2010- 
04-067). Written, informed consent was obtained from all pa- 
tients involved in this study. 

RESULTS 

Clinical characteristics of the patients 

Clinical data and template DNA for gyrA sequencing were ob- 
tained from blood samples of 21 patients during the study peri- 
od. Clinical characteristics of the patients are shown in Table 1. 
Eleven (52%) of the 21 patients had serious complications and 
three patients were admitted to the intensive care unit. Twelve 
patients were initially treated with doxycycline, while eight pa- 
tients were initially treated with intravenous azithromycin. All 
were cured without any change in antibiotic treatment or cardi- 
ac complications related to azithromycin. One patient initially 
received ciprofloxacin for 3 days at a primary care hospital, but 
the patient was transferred to our center due to clinical deterio- 
ration and the development of septic shock. The patient was 
subsequently treated with doxycycline and improved. All of the 
patients were treated successfully and recovered. 

Genotype assay and sequencing of the gyrA quinolone 
resistance determining region 

A phylogenetic tree of the PCR positive O. tsutsugamushi se- 
quence from infected patients is shown in Fig. 1. We isolated 20 
Boryong cluster isolates and one from the Kato cluster. All of 
the O. tsutsugamushi patient isolates, as well as the Boryong 
strains retrieved from the KEGG website, contained an intrinsic 
Ser83Leu mutation in the gyrA QRDR domain, known to be as- 
sociated with quinolone resistance. A comparison of the E. coli 
and O. tsutsugamushi QRDR regions containing the Ser83Leu 
mutation is shown in Fig. 2. 

DISCUSSION 

In this study, we determined that all DNA samples of the Bory- 
ong strain of O. tsutsugamushi contained the Ser83Leu muta- 
tion in the QRDR domain, which is known to be associated with 
quinolone resistance. O. tsutsugamushi can be divided into sev- 
eral strains based on antigenic types or nucleotide sequences of 
the gyrA 56-kDa protein. In Korea, the Boryong strain has been 
reported throughout the country but predominantiy in the sou- 
thern areas (Chonbuk, Chonnam, Kyoungbuk, and Kyoung- 
nam). In contrast, Karp, Kawasaki and Gilliam strains are more 
prevalent in the central part of Korea (Kyounggi, Kangwon and 
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Table 1 . Clinical characteristics of patients diagnosed with scrub typhus 



No. 


Gender 


Age 

(yr) 


Comorbidity 


Fever 


Rash 


Eschar 


Complication APACHE II 


Genotype 


gyrA Ser83Leu 
mutation 


Antibiotic „ . 

Death 

treatment 


Uncomplicated cases 


CNU-1 


M 


66 


HT 


+ 


+ 


+ 


7 


Boryong 


+ 


DC 


CNU-2 


F 


56 


HT 


+ 


+ 


+ 


4 


Boryong 


+ 


DC 


CNU-3 


M 


46 


- 


+ 


+ 


- 


6 


Boryong 


+ 


DC 


CNU-4 


M 


86 


_ 


- 


+ 


+ 


6 


Boryong 


+ 


DC 


CNU-5 


F 


64 


- 


+ 


+ 


+ 


10 


Boryong 


+ 


DC 


CNU-6 


M 


70 


DM 


+ 


+ 


+ 


8 


Boryong 


+ 


DC 


CNU-7 


F 


69 


_ 


+ 


+ 


+ 


10 


Boryong 


+ 


DC ^ AZT 


CNU-8 


F 


65 


HT 


+ 




+ 


9 


Kato 


+ 


DC ^ AZT 


CNU-9 


M 


51 


HT 


+ 


+ 


+ 


2 


Boryong 


+ 


AZT 


CNU-1 0 


M 


74 


- 


+ 


+ 


+ 


10 


Boryong 


+ 


AZT 


Complicated 


cases 




















CNU-1 1 


M 


70 


HT, DM 


+ 


+ 


+ 


AKI 13 


Boryong 


+ 


DC 


CNU-1 2 


M 


74 


HT, DM 


+ 






AKI 13 


Boryong 


+ 


DC 


CNU-1 3 


F 


78 


LC, DM 




+ 




Shock 13 


Boryong 


+ 


DC 


CNU-1 4 


M 


60 




+ 


+ 


+ 


Cholecystitis 1 0 


Boryong 


+ 


DC 


CNU-1 5 


M 


76 




+ 


+ 




Pneumonia 5 


Boryong 


+ 


AZT 


CNU-1 6 


F 


80 




+ 


+ 


+ 


Shock 11 


Boryong 


+ 


AZT 


CNU-1 7 


F 


73 




+ 




+ 


Meningitis, AKI 14 


Boryong 


+ 


AZT 


CNU-1 8 


F 


83 


HT 


+ 


+ 


+ 


Shock 16 


Boryong 


+ 


AZT 


CNU-1 9 


M 


69 


HT 


+ 


+ 


+ 


Shock 12 


Boryong 


+ 


AZT 


CNU-20 


M 


69 




+ 


+ 


+ 


Pneumonia 15 


Boryong 


+ 


AZT 


CNU-21 


F 


59 




+ 


+ 


+ 


Shock 7 


Boryong 


+ 


Ciprofloxacin RHPC 


LC, liver cirrhosis; DM, diabetes melius; HT, hypertension; AKI, acute kidney injury; APACHE, acute physiology and chronic health evaluation; DC, doxycycline; AZT, azithromycin. 
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Fig. 1. Phylogenetic tree based on the nucleotide sequences of Orientia tsutsugamu- 
sto'56-kDa genes. 

Chungcheong) (13, 14). We isolated primarily the Boryong strain 
from our patients, which is in agreement with previous reports 
and is in accordance with the location of our institute in the 



southern part of Korea. 

Quinolone was used to treat one patient in our study. This 
patient was treated in a primary care clinic and showed clinical 
deterioration leading to septic shock despite 3 days of cipro- 
floxacin administration. The use of quinolone for the effective 
treatment of rickettsial diseases remains controversial since 
limited clinical data are available (9, 10, 15-17). However, re- 
cendy, the efficacy of levofloxacin for the treatment of scrub ty- 
phus was reported in a retrospective study of 132 patients. The 
data suggested that levofloxacin prolongs defervescence com- 
pared with tetracycline antibiotics and results in higher mortal- 
ity rates in severe cases (8). In contrast, another retrospective 
study of 161 cases with Mediterranean spotted fever showed 
that fluoroquinolone treatment was associated with increased 
disease severity (10). A small randomized trial performed in 
Korea also showed prolonged defervescence in patients with 
scrub typhus treated with quinolone, compared to those treat- 
ed with doxycycline (9). These data suggest that quinolone has 
limited efficacy against rickettsial disorders and should not be 
used when tetracyclines and macrolides are available. 

Previous in vitro and in vivo studies have supported the use 
of quinolone as an alternative to tetracycline (18-20). However, 
recent studies suggest that quinolone can cause deleterious ef- 
fects on Rickettsia conora-infected cells via a mechanism linked 
to toxin-antitoxin module up-regulation (21). Moreover, it has 
been reported that the Kato strain of O. tsutsugamushi has a 
higher minimum inhibitory concentration (8 pg/mL) to cipro- 
floxacin and ofloxacin in vitro, and all 18 Kato strain sequences 
obtained from patients contained the Ser83Leu mutation in the 



http://dx.doi.Org/1 0.3346/jkms.201 3.28.5.667 



http://jkms.org 669 



JKMS 



Jang H-C, et al. • gyrA Mutation in Orientia tsutsugamushi Boryong Strain 



1 50 83 100 

ECOLI MSDLAREITP VNIEEELKSS YLDYAMSVIV GRALPDVRDG LKPVHRRVLYAMNVLGNDWN KAYKKSARW GDV1GKYHPH GDSAVYDTIV RMAQPFSLRY 
Boryong MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

1 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

2 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

3 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

4 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

5 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

6 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

7 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

8 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

9 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

10 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

1 1 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

12 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

13 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

14 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

15 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

16 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

17 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

18 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

19 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

20 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 

21 MSDLAREITP VNIEEELKSS YLDYAMSVIV SRALPDVRDG LKPVHRRVLY AMYESGYHYN KQYRKSARVV GDVIGKYHPH GELAVYDSLV RMAQDFSLRL 



Fig. 2. DNA sequence alignment of the quinolone resistance-determining region (QRDR) domain of the gyrA genes of Orientia tsutsugamushi strains isolated from 21 patients. 
A comparison of the £ coli and 0. tsutsugamushi QRDR regions containing the Ser83Leu mutation is shown. ECOLI, £ coli strain from the KEGG website; Boryong, Boryong 
strain of 0. tsutsugamushi tmm the KEGG website. 



gyrA QRDR domain (11). However, there are limited data on 
the prevalence of this mutation in gyrA of the Boryong strain of 
O. tsutsugamushi, which is prevalent in Korea. For this reason, 
we sequenced the gyrA gene of 20 O. tsutsugamushi Boryong 
samples and determined that all had the Ser83Leu mutation in 
their QRDR domain, suggesting intrinsic resistance to quino- 
lone. 

This study has several limitations. First, ciprofloxacin was ad- 
ministered to only one patient in this study and thus we could 
not evaluate the outcome of patients treated with quinolone. 
Second, we performed genotypic assay of the gyrA QRDR do- 
main in O. tsutsugamushi Boryong clinical isolates and did not 
verify these results using in vitro phenotypic assays, as perform- 
ed by other investigators studying the Kato strain. Further study 
is needed to evaluate the prevalence of the QRDR domain mu- 
tation in other strains of O. tsutsugamushi such as Karp and Gil- 
liam, which are common in other areas of Korea, and to identify 
this mutation in other rickettsia species. 

In conclusion, we report the presence of the Ser83Leu muta- 
tion in gyrA samples of the Boryong strain of O. tsutsugamushi 
from 20 patients, suggesting that quinolone may be avoided for 
the treatment of scrub typhus, particularly in severe cases. 
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